Rationale Alcohol dependence is known to be associated with steep discounting of delayed rewards, but its relation to the discounting of delayed losses and probabilistic rewards is unclear. Moreover, patterns of alcohol consumption vary considerably between communities, but previous research has not examined the relation between discounting and alcohol dependence in low-income African Americans. Objectives The goal of the present study was to determine whether low-income, alcohol-dependent African Americans differ from controls in the degree to which they discount delayed rewards, delayed losses, or probabilistic rewards. Methods African-American participants, both cases and controls, were recruited from the same low-income neighborhoods, and propensity-score matching was used to further control for demographic differences. Participants performed three tasks that assessed their discounting of hypothetical monetary outcomes: delayed rewards, delayed losses, and probabilistic rewards. Results Alcohol-dependent cases discounted delayed gains, but not delayed losses or probabilistic gains, more steeply than their matched controls. The difference in discounting of delayed gains was localized to the male cases, whose discounting was steeper than either the male controls or the female cases; no gender difference was observed between male and female controls. Conclusions The present results extend findings regarding discounting by substance abusers to a previously unstudied group, low-income African Americans, and suggest that in this group at least, alcohol dependence, particularly in males, may be more a reflection of choosing immediate rewards than of ignoring their delayed negative consequences.
Many everyday decisions involve tradeoffs, and the tradeoffs a person makes can be understood in terms of discounting. For example, one often has to choose between getting less than one really wants but getting it immediately and getting more but only after a delay. So, too, one may have to choose between getting less, but being certain of getting it, and the possibility of getting more, although one might get nothing. Such choices pit smaller or less desirable, but immediate and certain, rewards against larger or more desirable rewards that are delayed or uncertain. When people choose the smaller less desirable reward in such cases, they are said to have Bdiscounted^the value of the delayed or probabilistic option. More specifically, delay discounting refers to the decrease in the subjective value of an outcome as the time until its occurrence increases, and probability discounting refers to the decrease in subjective value as the likelihood of an outcome decreases (Rachlin 2006; Rachlin et al. 1991) .
Much of the current interest in discounting is due to its possible role in various problem behaviors. That is, some behavioral problems may reflect a tendency to make certain kinds of tradeoffs. For example, it has been hypothesized that steep discounting reflects impulsivity and is at the heart of impulse control problems such as substance abuse (e.g., Bickel and Marsch 2001 ; for a review focusing on impulsivity and alcohol-use disorders, see Lejuez et al. 2010) . From this perspective, choosing a smaller, more immediate reward is an impulsive choice, whereas choosing the larger, delayed alternative reflects self-control. Probability discounting also has been interpreted as a measure of impulsivity (e.g., Yi et al. 2010) in that those who take a chance on getting a larger reward are viewed as being more impulsive, in the sense of being more risk-taking. The issue is complicated, however, by findings suggesting that for the most part, delay discounting correlates only weakly with either probability discounting (Myerson et al. 2003) or psychometric tests of impulsiveness (Kirby and Finch 2010) , consistent with the view that impulsivity is multi-dimensional in nature (Green and Myerson 2013a; Lejuez et al. 2010) .
Although one cannot usually compare the degree to which substance abusers and controls discount delayed drug rewards, it is well established that, on average, individuals with substance abuse problems tend to discount delayed monetary rewards more steeply than controls (Bickel et al. 2014b; MacKillop and Kahler 2009) . Indeed, the fact that people with substance abuse problems steeply discount even nondrug rewards is consistent with the idea that substance abuse reflects a general pattern of choosing immediate rewards over larger, delayed rewards. Moreover, there is evidence that steep delay discounting rates are a predictor, rather than an outcome, of substance abuse (Audrian-McGovern et al. 2009 ) as well as a predictor of drug relapse following treatment (Washio et al. 2011; Yoon et al. 2007) . With respect to alcohol abuse in particular, MacKillop and colleagues observed in their metaanalytic review that, with few exceptions, studies have found that groups of individuals with alcohol-abuse problems show steeper discounting of delayed rewards than control groups (MacKillop et al. 2011) .
It is well known that patterns of alcohol consumption vary considerably across cultures and also between different communities in the same country. For example, although European Americans begin drinking at a younger age and report higher levels of alcohol consumption across age groups, when African Americans consume alcohol, they have comparable or higher risk of alcohol-related problems than European Americans and may begin to experience alcohol problems at lower levels of consumption (for a review, see Zapolski et al. 2014) . Moreover, African Americans differ substantially by gender when it comes to drinking patterns. Whereas AfricanAmerican men are more likely to start earlier, using alcohol or other drugs for a thrill or as a means of enhancing their status in social situations, African-American women generally use alcohol or drugs as a way to cope with stress (Zapolski et al. 2014) . In addition, African-American women tend to develop alcohol-use problems as they get older, whereas men tend to develop them when they are younger (Caetano and Clark 1998) .
There also appears to be an important interaction between gender and income, in that one particular group of African Americans, low-income African-American men, is at the highest risk for alcoholism and related problems (Ford et al. 2007 ). To date, however, the only study to examine delay discounting in relation to alcohol-related problems in African Americans focused on a sample of college students (Dennhardt and Murphy 2011) . Clearly, there is a need for research that examines discounting and alcohol abuse in African Americans, focusing on those with lower incomes who have been shown to be the ones most susceptible to alcohol-related problems (Zapolski et al. 2014) . Such research could shed light on the determinants of substance abuse in an understudied and highly vulnerable group and could also provide a test of the generality of the association between delay discounting and alcoholism.
The observed risk for alcohol dependence in low-income African-American men may be related to more general findings of gender differences in substance abuse (e.g., Cotto et al. 2010) . Becker et al. (2012) proposed that males and females begin and continue consuming substances of abuse, including alcohol, for different reasons. More specifically, females are more likely than males to begin and continue consumption because of a substance's negative reinforcing effects. That is, they are more likely to consume in order to escape or reduce negative feelings such as stress or social isolation. In contrast, males are hypothesized to be more likely to initiate and continue consumption because of a substance's positive reinforcing effects, including social reinforcement such as feelings of inclusion.
Although Bobova et al. (2009) reported steeper discounting by males and by alcohol-dependent participants, no interaction of gender and alcohol dependence was reported for their predominantly Caucasian sample. In another study with a predominantly Caucasian sample, Weafer et al. (2015) observed no gender differences in delay discounting in either a group determined to be at risk for alcohol-related problems or a nonrisk group. The two studies to examine possible race and gender differences in discounting (Dennhardt and Murphy 2011; de Wit et al. 2007 ) both found that African-American participants showed steeper discounting than EuropeanAmerican participants, but no gender differences in discounting were observed and no interactions between gender and race were reported. It is not known, however, whether these findings also describe African Americans with alcoholrelated problems, particularly low-income individuals.
Accordingly, the present study compared discounting of delayed monetary gains in male and female low-income African-American alcoholics and controls, and also examined the discounting of delayed losses and the discounting of probabilistic gains, two other fundamental decision-making tasks.
Substance abuse has been hypothesized to reflect a general tendency toward impulsive decision making, regardless of whether decisions involve positive or negative consequences (for a review, see Yi et al. 2010) . That is, delay discounting refers to decreases in the (absolute) subjective value of future outcomes as the delay increases, such that gains become less attractive and losses become less aversive, and therefore impulsivity is associated with steep discounting in both cases. However, the current evidence concerning whether discounting of delayed losses is related to substance abuse is mixed, as is the literature on the discounting of probabilistic outcomes (Bickel et al. 2014a) , which is relevant because of the comorbidity of alcohol dependence and pathological gambling (Petry et al. 2005) . The one study to examine the relation between the discounting of losses and alcohol consumption (Takahashi et al. 2009 ) found a significant correlation for delayed losses but not for probabilistic losses or for delayed or probabilistic gains. However, only one of the 33 participants in that study reported daily consumption of alcohol, and alcohol-related problems were not assessed. Given the negative personal, social, and health consequences of alcoholism, consequences that are frequently delayed, excessive discounting of delayed losses and gains are equally plausible mechanisms, although only the latter has received much attention in the literature.
Thus, the major goal of the current study is to shed light on three important issues concerning alcoholism, issues about which little is currently known: first, whether excessive discounting of delayed gains is associated with alcoholism in low-income African Americans; second, whether alcoholism is associated with excessive discounting of either delayed losses or probabilistic gains; and third, whether male and female alcohol-dependent African Americans differ in their discounting of gains and losses. To ensure that these issues were adequately addressed, the present study used a combination of epidemiological and behavioral economic techniques. We examined discounting in fairly large samples of alcoholics and controls recruited from the same low-income neighborhoods and used propensity scores to match cases and controls (Rosenbaum 2002; Rosenbaum and Rubin 1983) . Propensityscore matching is a powerful statistical technique used to control for multiple potential confounds (e.g., age, education). Although it is commonly utilized in epidemiological studies and other areas of social science research (e.g., Apel and Sweeten 2010; Glynn et al. 2006) , propensity-score matching has not been applied previously to the problem of discounting and substance abuse.
Method
Participants Seven hundred sixty-one of the participants taking part in a larger study of the genetic determinants of alcohol dependence in African Americans were tested on three discounting tasks. To recruit African-American alcoholdependent participants, interviewer teams visited six treatment facilities in the St. Louis area. Control subjects were recruited using a commercially available database, the Merlin crossdirectory, which merges data on address, phone, household membership, and birth date from public records, credit headers, and marketing lists. This made it possible to search specific areas of the city for controls who were geographically matched to cases from the same census block group.
All participants were given a comprehensive psychiatric interview, and blood samples were taken and DNA stored for later genotyping. Eligibility criteria for inclusion in the current alcohol-dependent sample were a diagnosis of alcohol dependence for the preceding 12 months based on the criteria specified in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) and current or recent treatment for alcohol and alcohol consumption within the previous 30 days. Controls were required to have consumed more than a minimal amount of alcohol in their lifetime (i.e., at least 20 drinks) but not meet diagnostic criteria for past-year DSMIValcohol dependence. The alcohol consumption requirement for controls was intended to screen out individuals who might have high genetic liability for alcohol dependence but who had not consumed alcohol in sufficient quantities for this liability to become manifest as dependence. Consistent with previous research, the alcohol-dependent cases and controls also differed in dependence on tobacco, marijuana, and cocaine (e.g., Anthony and Echeagaray-Wagner 2000; Midanik et al. 2007) .
Only community-dwelling individuals who were judged to be without severe cognitive deficiencies, based on the results of the comprehensive psychiatric interview, and who had no more than two hospitalizations for mental health disorders qualified to be included in the initial samples. Screening based on the aforementioned criteria and elimination of participants with incomplete data resulted in initial samples (prior to propensity-score matching) of 222 alcohol-dependent African-American participants and 304 African-American controls recruited from the same census block groups. The average ages of the alcohol-dependent cases (59.9 % male) and controls (32.6 % male) were 39.3 (SD=9.8) and 43.0 (SD=9.0) years of age, respectively.
Procedure Participants were tested using computerized discounting tasks (Du et al. 2002) that assessed (1) the discounting of delayed gains and (2) the discounting of delayed losses, as well as (3) the discounting of probabilistic gains. For all three discounting tasks, the immediate/certain amount was equally likely to be displayed to the left or the right of the delayed/probabilistic amount on the computer monitor, and participants indicated their choice between the two options by pressing one of two clearly marked computer keys.
On the task assessing discounting of delayed gains, participants chose between a hypothetical amount of money ($2500) that could be received after a delay and smaller amount that could be received immediately. They made a series of six choices at each of six delays: 2 weeks, 1 month, 6 months, 1 year, 3 years, and 5 years. The first choice in each series was between $2500 after a specified delay and an immediate $1250. If the immediate amount was chosen, the amount of the immediate gain was decreased; if the delayed gain was chosen, the amount of the immediate reward was increased.
The size of the adjustment on subsequent choices was always half of the previous adjustment. For example, if a participant chose $1250 now over $2500 in 3 months, the next choice would be between $625 now and $2500 in 3 months. If the participant then chose $2500 in 3 months over $625 now, the next choice would be between $938 now (rounded up from $937.50) and $2500 in 3 months; alternatively, if the participant chose $625 now over $2500 in 3 months, the next choice would be between $313 now and $2500 in 3 months. This procedure converges rapidly on an indifference point, that is, the amount of immediate gain that is subjectively equal in value to the delayed gain (for further details, see Du et al. 2002) .
In the task assessing the discounting of delayed losses, participants chose between paying a hypothetical amount of money (again $2500) after a delay and paying a smaller amount immediately. The procedure was directly analogous to that for delayed gains and converged on the amounts of immediate loss that were subjectively equal in value to losses after delays of 2 weeks, 1 month, 6 months, 1 year, 3 years, and 5 years.
The probability discounting task used a procedure similar to those used for the two delay discounting tasks. Participants made a series of six choices at each of six probabilities, with the amount of certain gain adjusted based on the participant's previous choice. The probabilities were presented as the percent chance (95, 80, 60, 40, 20 , or 5 %) of receiving a hypothetical amount of money ($2500), and the procedure converged on the amounts of certain gain that were subjectively equal in value to each of the probabilistic gains.
Analysis For each participant on each task, the area under the discounting curve (AuC) was calculated based on the obtained indifference points and used as the measure of the degree of discounting. Following Myerson et al. (2001) , AuCs were calculated based on the observed subjective values rather than by integrating a discounting function (e.g., a hyperbola) so as to obtain a measure that does not depend on assumptions regarding the form of the discounting curve, and were normalized so that an AuC could range between 0.00 and 1.00. An AuC of 1.00 would indicate that the subjective value of an outcome was judged equal to its actual value regardless of how long it was delayed or what its probability of occurrence was (i.e., no discounting), and an AuC of 0.00 would indicate that an outcome was judged of zero value if it was delayed at all or had less than 100 % chance of occurrence (i.e., the value of a delayed or probabilistic outcome was discounted completely).
The samples of alcohol-dependent cases and controls differed significantly in age, education, gender, and income. Therefore, propensity-score matching (Rosenbaum 2002; Rosenbaum and Rubin 1983) was used to reduce biases that might contribute to differences in discounting between the alcohol-dependent and control samples so that any differences observed after matching could be more validly attributed to effects of alcohol dependence. A propensity score was calculated for each participant that represented the likelihood that a participant with that person's age, gender, and education and, for our first analysis, income, would be alcohol dependent, and then these propensity scores were used to create matched pairs of cases and controls who were similar on these potential confounders but who differed with respect to their dependence on alcohol.
The two samples also differed in both mental and physical health. However, because these attributes are themselves affected by alcohol dependence (Bouchery et al. 2011; Mullahy and Sindelar 1998) , unlike age, gender, and (albeit to a lesser extent) education, using them to match samples could produce Bover-matching^and lead to underestimation of any difference in discounting associated with alcohol dependence (e.g., Gissler and Hemminki 1996; Marsh et al. 2002) . Although the same is true with respect to income, income is an especially important variable in the current investigation, and therefore, propensity-score matching was done both with and without income as a matching variable so that the role of income in the observed differences between male and female cases and controls could be assessed.
Propensity-score matching is commonly used in medical research to assess the effect of a treatment on disease symptoms in situations in which, in addition to the treatment, the symptoms may also be the result of other causes (confounds). In the present investigation, the Btreatment^is alcohol dependence, the symptom is steep discounting, and some of the potential confounds are age, gender, education, and income. Although geographic matching (i.e., recruiting cases and controls who lived in the same neighborhood) presumably resulted in smaller differences in confounds such as income and education than would otherwise have been observed, at best it presents a partial solution to this problem. Therefore, matching based on propensity scores was used to further Bcorrect^the estimation of treatment effects by controlling for the existence of confounding variables (Becker and Ichino 2002; Rosenbaum and Rubin 1983) .
As defined by Rosenbaum and Rubin (1983) , an individual's propensity score is the likelihood of that person being assigned to a particular treatment condition, given an observed vector of covariates (i.e., scores on the confounding variables). For the present investigation, we used the Stata® statistical software package (StatCorp LP) to first estimate propensity based on multiple probit regression and then perform nearest-neighbor matching without replacement. To determine whether matching reduced bias, we used several measures of balance between case and control groups before and after matching. These measures included a standardized percentage bias, which represents the difference between the means for the alcoholic and control groups as a percentage of the square root of the average of the variances for the two groups, as well as the ratio of the variances of each confounding variable for the two groups, which is equal to 1.0 if perfect balance is achieved. For the continuous variable of age, t tests were used to compare cases and controls; for the ordinal variables of education, income, and health status, the Mann-Whitney ranked-sum test was used; for the percentage male and the dichotomous variable depression treatment, the Chi-square test was used.
Results
Propensity-score matching based on age, gender, education, and income reduced the bias (i.e., the standardized difference between cases and controls) with respect to these variables to the extent that differences in the matching variable that had been statistically significant prior to matching were no longer significant after matching (see Table 1 ). Matching based on just age, gender, and education (see Table 2 ) eliminated group differences in two of the matching variables, age and education. Although the difference in the percentage of males for cases (53.2 %) and controls (40.5 %) was still statistically significant after matching, the bias was considerably reduced from what it had been in the unmatched samples, and a similar result was observed with respect to income.
The median income for the alcohol-dependent cases was between $7000 and $10,000 both before and after matching on age, gender, and education, but whereas the controls had a median income between $30,000 and $40,000 before matching, after matching they had a median income between $20,000 and $30,000, which is the median for adults in the North St. Louis neighborhoods from which participants were recruited. The decreased difference in income between the unmatched and matched control samples was most likely because education was one of the matching variables; prior to matching, income was significantly correlated with education in the control sample (rho=.447, p<.001), although the correlation was much weaker in the alcohol-dependent sample, perhaps due to restriction of range (rho=.151, p<.05). Table 3 presents the mean AuCs for delayed gains, delayed losses, and probabilistic gains (as well as the corresponding SDs and the results of statistical tests) for alcohol-dependent cases and controls both before and after propensity-score matching. Prior to matching, significant differences were observed between cases and controls with respect to how steeply they discounted delayed outcomes, both gains and losses, whereas no significant difference was observed when the outcomes were probabilistic gains. Importantly, cases discounted delayed gains significantly more steeply than controls (i.e., cases had smaller AuCs) even after matching based on gender, age, education, and income, as well as after matching on the first three of these variables (see Fig. 1 ). In contrast, the difference in discounting of delayed losses was not significant after matching even when the groups were allowed to differ in income. Interestingly, income was not correlated with the degree of discounting of delayed gains in either group following matching based on age, gender, and education (both r values <.13, both p values >.08).
Although the alcohol-dependent cases discounted delayed gains significantly more steeply than matched controls, in other respects their discounting (like that of the controls, who were also low-income African Americans) was similar to what has been observed in many studies of samples from other populations. For example, both cases and controls showed significantly steeper discounting of delayed gains than of delayed losses after matching based on age, gender, and education (both t values >7.5, both p values <.001). Moreover, consistent with previous findings (Green et al. 2013b; Myerson et al. 2011 ; for a review, see Green and Myerson 2004) , the decrease in subjective value of delayed and probabilistic outcomes was well described by the hyperboloid discounting model (Myerson and Green 1995) , as indicated by the low root mean square error (RMSE) of the subjective values estimated by the model.
The RMSE was used to measure goodness of fit because the proportion of variance accounted for (R 2 ) can be misleading in certain cases (Johnson and Bickel 2008) , such as when discounting data are accurately predicted but the observed indifference points occupy a narrow range (e.g., see the group mean subjective values for delayed losses in Fig. 1) . Examination of the RMSEs revealed that the hyperboloid model accurately described the group mean subjective values for both the alcohol-dependent cases and controls on all three tasks both before and after matching: (i.e., all RMSEs less than 3.4 % of $2500, the amount whose value was being discounted: M=2.39 %, SD=0.49), and the model fits were comparable with those observed in previous studies, including those examining discounting by abusers of various substances (for examples, see Green and Myerson 2004) . Finally, because previous research suggests that relative to other African Americans, low-income males are at higher risk for alcohol dependence (Zapolski et al. 2014) , statistical tests for potential gender differences in the discounting of delayed gains were conducted using the Holm-Sidak correction for multiple comparisons (Holm 1979) . These planned comparisons localized the source of the difference between cases and controls matched on age, gender, and education in the alcoholdependent males (see Fig. 2 ). Although there was no significant difference between the female cases and the female controls (t = 1.081, p = .281), the alcohol-dependent males discounted delayed gains more steeply than both the female cases (t = 4.59, p < .001) and the male controls (t = 2.59, p=.021). Moreover, although a gender difference was observed in the cases, there was no significant difference between the male and female controls (t<1.0). Notably, the gender difference in the cases' discounting was confined to delayed gains; no significant gender differences were observed in the discounting of delayed losses or probabilistic gains (t values <1.0).
The observed pattern of differences in the discounting of delayed gains may be compared with that for household income. For example, the median income for the female cases ($4000-6999/year) was substantially less than that for the female controls ($20,000-29,999/year; z=6.80, p<.001), Fig. 1 Discounting of delayed gains (top), delayed losses (middle), and probabilistic gains (bottom) by alcohol-dependent African Americans and controls matched on age, gender, and education. Error bars represent the standard error of the mean Fig. 2 Discounting of delayed gains by propensity-score-matched male and female alcohol-dependent African Americans (bottom) and male and female controls (top). Error bars represent the standard error of the mean despite the fact that they did not differ in discounting. Similarly, the median household income for the female controls was substantially less than that for the male controls ($30, 000-$39,999/year; z=2.12; p=.034) although they also did not differ in discounting. The median income for the male cases ($10,000-$19,999/year) was much less than that for the male controls (z=5.45, p<.001. Notably, however, the income for the male cases was substantially more than that for the female cases, even though the male cases discounted significantly more steeply than the female cases (z=2.88, p=.004), exactly the opposite of what would be expected if income differences were the cause of the observed difference in discounting.
Discussion
Low-income, alcohol-dependent African-American cases and nondependent controls performed three tasks that assessed the degree to which they discounted the value of delayed monetary gains, delayed monetary losses, and probabilistic monetary gains. For both samples, the subjective value of an outcome decreased as either the delay until its occurrence or the odds against its occurrence increased, and on all three tasks, the form of that decrease was well described by the hyperboloid discounting model (Myerson and Green 1995) , consistent with previous studies (for a review, see Green and Myerson 2004) . Also consistent with previous studies (e.g., Estle et al. 2006; Murphy et al. 2011; Thaler 1981) , both samples discounted delayed gains more steeply than delayed losses. These findings extend the generality of previous findings concerning discounting to a previously unstudied group, low-income African Americans. Importantly, DSM-IV alcohol dependence in this group was associated with a tendency to steeply discount delayed monetary gains but not delayed monetary losses. Although substance abuse is sometimes thought of as resulting, at least in part, from a general tendency toward impulsive decision making, regardless of whether decisions involve positive or negative consequences (for a review, see Yi et al. 2010) , these results suggest that alcohol dependence is more a consequence of choosing immediate rewards, even when larger rewards could be had if one were willing to wait, than it is a result of ignoring the delayed negative outcomes of such behavior.
The difference between cases and controls with respect to their patterns of discounting was robust, in that it was still observed after propensity-score matching to control for differences in age, gender, education, and income: Treatment-seeking, alcohol-dependent individuals still discounted delayed monetary gains more steeply than matched controls, whereas no significant differences between cases and controls were observed in the discounting of delayed losses or probabilistic gains. Further analyses localized the difference in discounting of delayed gains to the male cases, whose discounting was steeper than either the male controls or the female cases; no difference was observed between male and female controls.
Previous studies have established that the degree to which people discount delayed gains differs by age, income, and education (Green et al. 1996; Reimers et al. 2009) , and possibly also by race (Dennhardt and Murphy 2011) . Individuals with similar demographic attributes tend to cluster together both socially and geographically and therefore share many similar experiences, including health outcomes such as alcoholism (Fesahazion et al. 2012) . As a result, these attributes represent potential confounds in case-control studies unless they are shared by both cases and controls.
African Americans, for example, are exposed to unique stressors, such as restricted access to housing, education, and employment opportunities, which may increase their likelihood of experiencing poor mental health outcomes and problems with self-control (Haushofer and Fehr 2014; Martin et al. 2003) . Despite this, African Americans, as a group, are much less likely to drink alcohol than European Americans (Hesselbrock et al. 2003) , but discrimination and neighborhood deprivation can increase the likelihood of drinking and alcohol-related problems (Martin et al. 2003) . The risk of such problems among African Americans has been attributed to being Bplace bound,^that is, when African Americans are low income and live in deprived neighborhoods, they are commonly more dependent on local resources-they have reduced access to transportation, less education, and lower incomes-and thus are more vulnerable to local drinking norms (Fesahazion et al. 2012) . In addition, they are situated in neighborhoods that have many more alcohol outlets (LaVeist and Wallace 2000) . Thus, it can be difficult to distinguish the role that discounting plays in alcohol dependence among African Americans from that played by poverty, lower levels of education, and neighborhood environment.
One strength of the present study is its effective combination of behavioral economic and epidemiological methods to address this issue. Within epidemiology, the term confounding has been used to characterize situations where group comparisons cannot distinguish between the effects of multiple causes. The measured effect, therefore, is likely to result from a combination of different causes beyond the one being studied. In observational studies such as this one, investigators do not have control over treatment assignment (i.e., case vs. control), and thus direct comparison of the alcohol-dependent cases with the nondependent controls could be misleading.
Although we used traditional methods of adjustment (i.e., we stratified on race, focusing on African Americans only, and used geographic matching to ensure that both cases and controls lived in the same neighborhoods), we were not able to adjust for differences in Bplace-bound^vulnerabilities such as education and income using such methods. We also could not control for differences in other demographic variables related to alcoholism, like gender and age. Therefore, propensity scores were used to help control for these confounding variables (Becker and Ichino 2002) , revealing that although alcohol-dependent cases discounted both delayed gains and losses more steeply than controls prior to matching, only the difference in the discounting of delayed gains was significant after matching and is therefore likely to be directly related to alcohol dependence.
The finding that cases and controls differed in discounting after controlling for the potentially confounding variables of gender, age, education, and income does not necessarily imply that these variables were not themselves directly related to the participants' discounting. The role played by these potentially confounding variables is a separate question, and because in the African-American community, low-income males are at special risk for alcohol dependence, we conducted follow-up analyses examining the role of gender and its potential interaction with income. These analyses revealed that the relation between delay discounting and alcohol dependence was driven by the fact that the male cases, but not the female cases, discounted delayed gains more steeply than the controls of either sex. More specifically, whereas there was no difference in discounting between male and female controls, both the difference between male and female cases and the difference between male cases and male controls were medium size effects (Cohen's d values of .40 and .43, respectively).
Although the finding that the male cases discounted delayed gains more steeply than the male controls is consistent with what might have been expected based on previous studies examining the relation between income and discounting (e.g., Green et al. 1996; Reimers et al. 2009 ), the gender difference in discounting observed in the alcohol-dependent cases is not explainable in terms of income differences. More specifically, following matching based on age, gender, and education, the median income for the male cases was approximately $10,000 greater than that for the female cases, yet the males discounted significantly more steeply than the females. Further, no differences in discounting were observed between male and female controls although on average they, too, differed in income by approximately $10,000, suggesting that the observed gender difference in discounting is specific to alcohol-dependent cases. Zapolski et al. (2014) theorized that the gender difference in alcohol consumption patterns in African Americans reflects the fact that African-American men face special difficulties in fulfilling the basic needs of relatedness, competence, and autonomy, whereas many African-American women may be better able to satisfy these needs through their role as mothers and/or caregivers. Zapolski et al. suggest further that men may be at greater risk because low-income African-American women typically have better access than men to government programs that provide employment, education, housing, food, and financial benefits. Thus, it is possible that the steep discounting of low-income, alcohol-dependent men in the present study somehow may be a consequence of the special difficulties faced by low-income African-American men.
It should be noted, however, that gender differences in the consumption of alcohol and other abused substances are observed in other populations as well, and that the differences observed here also may reflect these more general effects. For example, in the only large-scale study to look for possible gender differences in the relation between delay discounting and alcohol consumption, Rossow (2008) found that discount rate was more strongly associated with various alcohol-related measures in male than female teenagers. Notably, these measures included the frequency of alcohol consumption, intoxication, and severe intoxication, all potential precursors to alcohol-related problems.
Reviewing the literature, Becker et al. (2012) noted that in general, males are more likely than females to engage in risky behaviors that include drinking and experimenting with drugs, whereas females are more likely to begin drinking and taking drugs as self-medication to reduce stress or alleviate depression. They suggested further that there are neurobiological differences that may underlie these differences. Importantly, males take their first steps on the path to addiction and dependence because of the positively reinforcing effects of alcohol and other drugs, including the positive social reinforcement for engaging in such behaviors (e.g., higher level of social inclusion), and those who continue on that path may be those most susceptible to such effects. Indeed, the discounting of delayed gains may be thought of as a measure of this susceptibility, hence the consistent finding of steeper discounting by abusers of various substances (MacKillop et al. 2011) .
In contrast, females tend to begin (and continue) consuming alcohol and other drugs because of their negatively reinforcing effects (i.e., in order to escape from or decrease negative feelings), yet no difference was observed in the discounting of delayed losses either between female and male cases or between female cases and female controls. The discounting of delayed losses has received relatively little attention in the literature despite its obvious relevance (cf. Takahashi et al. 2009; Woolverton et al. 2012) , and further research exploring individual as well as gender differences in this regard is clearly needed.
Thus, although discounting may shed considerable light on alcohol dependence in low-income, African-American men, our results so far have little to say about dependence in African-American women, other than that it may have different roots than in their male peers. As Becker et al. (2012) and others have noted, gender differences in etiology and/or manifestation may have important implications for prevention and treatment, arguing strongly against a Bone size fits all^ap-proach. Future studies will be needed to determine whether the present findings regarding gender differences in discounting and alcohol dependence generalize to other demographic groups, particularly other low-income populations, and to other abused substances. In addition, it will be extremely important to establish whether or not the differences in discounting observed here predict the development of alcohol dependence in low-income African Americans and whether they persist following treatment (Bickel et al. 2014b; MacKillop and Kahler 2009) . For the present, however, several things seem clear: low-income African Americans with DSM-IV alcohol dependence discount delayed monetary gains significantly more steeply than those who are not alcohol dependent, yet they do not differ in their discounting of delayed losses or probabilistic gains, and further, it is the alcohol-dependent males who are the source of the difference between cases and controls. Taken together, these findings provide important new information about an understudied group at special risk for alcohol dependence.
